We propose a quasi-degenerate dark matter scenario to simultaneously explain the 1.4 TeV peak in the high-energy cosmic-ray electron-positron spectrum reported by the DAMPE collaboration very recently and the 3.5 keV X-ray line observed in galaxies clusters and from the Galactic centre and confirmed by the Chandra and NuSTAR satellites. We consider a dark SU (2) ′ × U (1) ′ gauge symmetry under which the dark matter is a Dirac fermion doublet composed of two SU (2)
I. INTRODUCTION
The DAMPE satellite has been directly measuring the high-energy cosmic-ray electrons and positrons in the energy range 25 GeV to 4.6 TeV with unprecedentedly high energy resolution and low background. Very recently the DAMPE collaboration released their results where the spectrum seems to have a narrow bump above the background at around 1.4 TeV although its largest part is well fitted by a smoothly broken power-law model [1] . If a dark matter (DM) particle is expected to account for the DAMPE excess, it should mostly annihilate into the electron-positron pairs. There have been a number of works studying the DAMPE excess [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
On the other hand, an unknown 3.5 keV line in the spectrum of the cosmic X-ray background has been observed in galaxies clusters [20, 21] and has been confirmed by the Chandra and NuSTAR satellites [22, 23] . This signal can be understood by the decay of a light DM sterile neutrino into an active neutrino and a photon [25] or the annihilation of a light DM pair into two photons. Alternatively, we can consider the decay of a heavy DM particle into a light DM particle with a photon [26] . In this case, the two DM particles should have a quasi-degenerate mass spectrum. So far a lot of of theoretical models have been proposed for interpreting this 3.5 keV X-ray line .
It should be interesting to simultaneously explain the 1.4 TeV positron excess and the 3.5 keV X-ray line in a same DM scenario. For this purpose, we could consider the quasi-degenerate DM scenario where the DM particles mostly annihilate into the electron-positron pairs, meanwhile, the heavy DM particle slowly decays into the light DM particle.
In this paper, we shall introduce a dark SU (2) ′ × U (1) ′ gauge symmetry and then consider two [SU (2) ′ ]-doublet * Electronic address: peihong.gu@sjtu.edu.cn fermion with non-trivial U (1) ′ charges to form a dark Dirac fermion doublet. We shall also resort to a mediator scalar doublet for constructing the Yukawa couplings of the dark fermion doublet to the standard model (SM) lepton singlets. By choosing these Yukawa couplings, the dark fermion annihilation can account for the 1.4 Tev positron excess. After the dark symmetry breaking, the two components of the dark fermion doublet can have a mass split at one-loop level. In the presence of two additional mediator scalar singlets, the two components of the mediator scalar doublet can mix with each other and hence can mediate a radiative decay of the heavy dark fermion into the light dark fermion with a photon. The 3.5 keV X-ray line thus can be interpreted. Furthermore, the dark fermions could be tested in the direct detection experiments.
This paper is organized as follows. In Sec. II, we introduce the model. In Sec. III, we study the dark gauge bosons and the mediator scalars. In Sec. IV, we demonstrate the DM properties. Finally, we make a conclusion in Sec. V.
II. THE MODEL
In addition to the SU (2) ′ × U (1) ′ gauge fields W ′a µ (a = 1, 2, 3) and B ′ µ , we introduce the following fermions and scalars,
Here and thereafter the first and second brackets following the fields describe the transformations under the SM
′ gauge symmetry, while the numbers or signs in the upper indices of the fields are the electric charges. As we will demonstrate in the following, the neutral fermion doublets χ L,R serve as the DM particles, the charged scalar doublet η mediates the annihilation of the DM into the electron-positron pairs, the other charged scalar singlets δ and ω participate in mediating the decay of a heavy DM fermion into a light DM fermion and a monochromatic photon, while the neutral scalar doublet ξ and the neutral scalar singlet σ are responsible for completely breaking the dark SU (2) ′ × U (1) ′ gauge symmetry. We hence would like to respectively refer to χ L,R as the dark fermion doublets, η, δ and ω as the mediator scalar doublet or singlet, ξ and σ as the dark Higgs doublet or singlet.
The full Lagrangian should be
+ other terms in the SM .
Here D µ are the covariant derivatives,
while φ and e Rα are the SM doublet and lepton singlets,
Note we have forbidden the gauge-invariant Yukawa couplings of the mediator scalar singlet δ to the SM lepton doublets by imposing a Z 2 discrete symmetry under which only the dark fermions χ L,R and the mediator scalars η, ω and δ are odd.
III. DARK GAUGE BOSONS AND MEDIATOR SCALARS
The dark Higgs doublet ξ will be responsible for spontaneously breaking the dark SU (2)
′′ symmetry, which will be eventually broken when the dark Higgs singlet σ develops a vacuum expectation value (VEV), i.e.
We thus write the dark Higgs scalars ξ and σ by
with v ξ,σ and h ξ,σ being the VEVs and the Higgs bosons. The SM Higgs doublet φ develops its VEV for the electroweak symmetry breaking as usual, i.e.
As for the charged mediator scalars δ ± , η ± 1,2 and ω ± , their masses should be
Clearly, these charged scalars mix together. If the δ ± and ω ± scalars are heavy enough, they can be simply integrated out from the theory. In this limiting case, we can obtain a η 1 − η 2 mixing as below,
As we will show later the above mixing is essential to realize a decay of a heavy dark fermion into a light dark fermion with a monochromatic photon.
The masses of the SU (2) ′ × U (1) ′ gauge bosons can be given by
where we have defined
Clearly, the W ′± µ boson is a mass eigenstate while the Z ′ µ and A ′ µ bosons mix with each other. For simplicity, we take
and then simplify
Because of the U (1) kinetic mixing, the dark photon A ′ µ can couple to the SM fermion pairs at tree level, i.e.
Through the Yukawa couplings, the dark gauge bosons
can couple to the lepton pairs at one-loop level [25] , i.e.
IV. DARK MATTER PROPERTIES
The dark fermion doublets χ L,R can form the Dirac fermions as below,
which have different U (1) ′′ charges, i.e. Q ′′ = 1 for χ 1 and Q ′′ = 0 for χ 2 . Clearly, the dark fermion χ 1 other than the dark fermion χ 2 can couple to the dark photon A ′ µ . Although the χ 1 and χ 2 components have a same mass m χ at tree level, their degeneracy can be broken by the gauge and Yukawa interactions at one-loop level,
The first and second terms are from the gauge and Yukawa interactions, respectively. The contribution from the gauge interactions is similar to that in the so-called minimal DM scenario [53] . The mass split can arrive at a small value if the Yukawa and gauge contributions are both small or the two contributions have a large cancellation. Through the exchange of the mediator scalar doublet η and the SM lepton singlets e Rα , the Yukawa couplings in Eq. (2) can induce a magnetic moment of the dark fermions χ 1,2 at one-loop level [25] , i.e.
In Eq. (8), we have shown the η 1,2 components of the mediator scalar doublet η can obtain a mixing suppressed by the mediator scalar singlets δ and ω after the dark SU (2) ′ × U (1) ′ gauge symmetry is completely broken. In association with the Yukawa couplings in Eq. (2), the mixed η 1,2 components and the SM lepton singlets e Rα can mediate a magnetic moment between the two dark fermions χ 1,2 at one-loop level [25] , i.e.
In the present model, the mediator scalar singlets δ and ω can be very heavy and hence can help us to suppress the above magnetic moment. In consequence, the heavy dark fermion χ 1 can always have a very long lifetime when it decays into the light dark fermion χ 2 with a monochromatic photon. In order to explain the 3.5 keV X-ray line by the decays,
the mass split (16) should be extremely small,
For this purpose, we can choose the dark gauge couplings g ′ 2 , the dark Weinberg angle θ ′ W , the dark gauge boson mass m W ′ , and the mediator scalar masses M η 1,2 in Eq. (16) . For example, we input
In the following demonstration we will simply take
We now check if the dark fermions χ 1,2 can really serve as the DM. From Eq. (2), we can see through the tchannel exchange of the mediator scalar doublet η, the dark fermions χ 1,2 can annihilate into the SM lepton singlets e Rα . The effective cross section is given by
The positron anomaly reported by the DAMPE implies the dark fermions should mostly annihilate into the electron-positron pairs. In consequence, the Yukawa couplings f e,µ,τ should have the following hierarchy,
We then can take
In addition, the dark SU (2) ′ × U (1) ′ gauge interactions can also contribute to the DM annihilation. However, their contribution can be safely ignored by taking the dark gauge couplings g (25) can account for the DM relic density [54] as well as the DAMPE excess [1] .
The heavy dark fermion χ 1 with a U (1) ′′ charge Q ′′ = 1 can couple to the dark photon A ′ µ and hence can scatter off the protons in nuclei at tree level through the t-channel exchange of the dark photon. Meanwhile, a virtual ordinary photon can mediate the scattering of the dark fermions χ 1,2 off the protons at one-loop level. The effective operators at quark level for the scattering should be [55] 
with Q q being the electric charge of the quark q. The scattering cross section can be computed by
,
By inputting,
we can obtain
which has a potential to be verified in the DM direct detection experiments [56] . It is also easy to check that through their couplings with the SM fermions (13) and (14) , the dark gauge bosons can decay before the BBN epoch. Actually, for the previous parameter choice in Eqs. (21) and (28) 
V. CONCLUSION
In this paper we have demonstrated a quasi-degenerate DM scenario to simultaneously explain the 1.4 TeV DAMPE peak and the 3.5 keV X-ray line. Specifically we introduce a dark SU (2) ′ × U (1) ′ gauge symmetry under which the DM particle is a Dirac fermion doublet composed of two dark doublets. Through the t-channel exchange of a mediator scalar doublet, the two quasidegenerate dark fermions can mostly annihilate into the electron-positron pairs at tree level for explaining the 1.4 TeV DAMPE peak. At one-loop level the spontaneous breaking of the dark gauge symmetry can induce a small mass split between the two dark fermion components. The dark symmetry breaking can also lead to a mixing between the two components of the mediator scalar doublet. The mixing components of the mediator scalar doublet can mediate a radiative decay of the heavy dark fermion into the light fermion with a photon and hence we can understand the 3.5 keV X-ray line. The dark fermions can be also verified in the direct detection experiments.
